Sources of resistance to groundnut fungal and bacterial diseases: an update and appraisal by Singh, A K et al.

The designations employed and the presentation of the material in this publication do not imply 
the expression of any opinion whatsoever on the part of ICRISAT concerning the legal status of 
any country, terr i tory, ci ty, or area, or of its authorities, or concerning the del imitat ion of its 
frontiers or boundaries. Where trade names are used this does not constitute endorsement of or 
discrimination against any product by the Inst i tute. 
Copyr ight© 1997 by the International Crops Research Inst i tute for the Semi-Ar id Tropics 
( ICRISAT) . 
A l l rights reserved. Except for quotations of short passages for the purposes of cr i t ic ism and 
review, no part of this publication may be reproduced, stored in retrieval systems, or transmit-
ted , in any fo rm or by any means, electronic, mechanical, photocopying, recording, or otherwise, 
w i t hou t pr ior permission of ICRISAT. I t is hoped that this Copyright declaration w i l l not 
d iminish the bona fide use of these research findings in agricultural research and development in 
or for the tropics. 
These research activities were partially supported by 
the OPEC Fund for International Development. 
Abstract 
G r o u n d n u t fo l ia r funga l diseases, s tem and p o d ro ts , and w i l t cause severe p o d y i e l d 
losses w o r l d w i d e , w h i l e a f la tox in c o n t a m i n a t i o n causes serious qua l i t y p rob lems . Th i s 
i n f o r m a t i o n b u l l e t i n updates t he l is t o f sources o f resistance to six i m p o r t a n t fungal and 
bac te r ia l diseases and prov ides i n f o r m a t i o n on some o f t he i r agronomic t ra i ts and reac-
t i o n to o t he r diseases. M e r i t s and demer i t s o f these resistance sources t ha t may i n f l u -
ence t h e i r usage in d i f f e r e n t s i tuat ions are h igh l i gh ted . 
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Diseases are t h e m o s t ser ious y i e l d - reduc ing const ra in ts o f g r o u n d n u t i n t h e t rop i cs 
a n d s e m i - a r i d t r op i cs . M a n y o f these diseases can be c o n t r o l l e d e f fec t i ve l y by t h e 
app l i ca t i on o f chemica ls . H o w e v e r , hos t -p lan t resistance remains t h e m o s t economica l , 
susta inable, a n d e n v i r o n m e n t a l l y f r i e n d l y approach to manage these diseases. In ce r ta in 
s i tua t ions a j u d i c i o u s c o m b i n a t i o n o f hos t -p lan t resistance and chemica l c o n t r o l m a y 
be r e q u i r e d . Several pub l i ca t i ons p r o v i d e i n f o r m a t i o n on sources o f resistance t o m a n y 
o f these diseases. H o w e v e r , i n m o s t cases, t h e i n f o r m a t i o n i s i n c o m p l e t e and deta i ls on 
t h e t r a i t s o t h e r t h a n t h e resistance to speci f ic diseases are lack ing . 
T h i s i n f o r m a t i o n b u l l e t i n p rov ides a comprehens ive u p d a t e d desc r i p t i on o f d i f f e r e n t 
sources o f resistance t o some o f t h e m o s t i m p o r t a n t diseases i den t i f i ed f r o m t h e w o r l d 
c o l l e c t i o n o f g r o u n d n u t . F u r t h e r , i t discusses c r i t i ca l l y t h e m e r i t s and demer i t s t h a t 
c o n t r i b u t e to t h e i r e f fec t i ve use in resistance b reed ing . Th i s b u l l e t i n shou ld serve as a 
va luab le re fe rence source to g r o u n d n u t scient ists engaged in resistance b reed ing . 
I c o m p l i m e n t t h e au thors f o r t h e i r exqu is i te endeavor in b r ing ing o u t th is 
i n f o r m a t i o n b u l l e t i n , and hope i t w i l l fac i l i ta te research e f fo r t s t o w a r d s ove rcom ing 
disease cons t ra in ts , t h e r e b y susta in ing and increasing y ie lds o f g r o u n d n u t . 
Y L N e n e 
D e p u t y D i r e c t o r G e n e r a l 
I C R I S A T 
iv 
Introduction 
G r o u n d n u t i s a t t acked by several diseases caused by f u n g i a n d bacter ia . H o w e v e r , on l y 
some o f t h e m are economica l l y i m p o r t a n t . O f these economica l l y i m p o r t a n t diseases, 
some are m o r e w i d e s p r e a d t h a n o thers . T h r e e fo l ia r funga l diseases, late leaf spot 
[Cercospor id ium personatum (Berk. & Curt.) Deighton = Phaeoisariopsis personata 
(Berk. & Curt.) v. A r x ] , ear ly lea f spot (Cercospora arachidicola Hor i ) , a n d rus t 
(Pucc in ia arachidis Speg.), are t h e m o s t w idesp read a n d des t ruc t i ve . A m o n g t h e 
so i lborne funga l pathogens, Aspergillus flavus Link ex Fries a n d A. parasiticus Speare, 
a n d Sclerotium rolfsii Sacc. are t h e m o s t w idesp read . T h e i n f e c t i o n by A. f lavus and 
A. parasiticus a n d t h e consequent a f la tox in c o n t a m i n a t i o n of g r o u n d n u t poses a serious 
qua l i t y p r o b l e m t h a t a f fec ts t h e t rade i n g r o u n d n u t and g r o u n d n u t p roduc ts , a n d 
h u m a n and an ima l hea l t h . Sclerotium rolfsii causes s t e m and p o d ro ts . T h e on ly 
bac ter ia l disease of e c o n o m i c s igni f icance is bacter ia l w i l t caused by Pseudomonas 
solanacearum (Smith) Smith. 
Sources o f genet ic resistance to these fungal and bacter ia l diseases in t h e ge rmp lasm 
c o l l e c t i o n avai lable in t h e genebank a t t he In te rna t i ona l C r o p s Research I n s t i t u t e fo r 
t h e S e m i - A r i d T r o p i c s ( I C R I S A T ) have been d o c u m e n t e d i n ear l ier pub l i ca t ions . 
H o w e v e r , these pub l i ca t ions con ta in l i t t l e o r no i n f o r m a t i o n on t h e o the r m e r i t s and 
d e m e r i t s o f such sources. In t h e absence o f such analysis, t he re i s on ly l i m i t e d 
u t i l i z a t i o n o f these resistance sources in b reed ing programs a t I C R I S A T and N a t i o n a l 
A g r i c u l t u r a l Research Systems ( N A R S ) . T h i s pub l i ca t i on updates t h e l is t o f sources o f 
resistance to s ix i m p o r t a n t diseases, and prov ides i n f o r m a t i o n on some o f t h e i r 
ag ronomic t ra i t s and react ions to o t he r diseases. T h e avai lable data have been used to 
i d e n t i f y t h e un iqueness o f an accession (s) , a n d h igh l igh t such m e r i t s and d e m e r i t s as 
m a y in f luence i ts usage in d i f f e r e n t s i tuat ions. 
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Acknowledgment 
Rust (F ig . 1) can cause p o d y ie ld losses in excess of 5 0 % (Subrahmanyam and 
M c D o n a l d 1987) . H o w e v e r , w h e n i t occurs in c o m b i n a t i o n w i t h late leaf spot , losses in 
p o d y i e l d can be as h igh as 6 0 - 7 0 % . E f fec t i ve f ie ld and laboratory techn iques fo r 
screening fo r resistance to rust have been deve loped (Subrahmanyam et al . 1995) . To 
date over 1 3 0 0 0 g r o u n d n u t accessions or ig inat ing f r o m 89 count r ies have been 
screened fo r resistance to rust a t I C R I S A T Asia C e n t e r ( I A C ) . O f these, 169 
accessions w i t h disease scores of 5 or less on a 1-9 scale (Sub rahmanyam et al . 1995; 
A p p e n d i x I ) have been r e p o r t e d as resistant (Tab le 1). These resistance sources 
i nc lude 135 landraces, of w h i c h 8 0 % be long to A hypogaea ssp fastigiata war peruviana 
t ha t or ig inates p r e d o m i n a n t l y f r o m Peru , one o f the secondary centers o f d ivers i ty fo r 
g r o u n d n u t . These resistance sources are l i ke ly to have s imi lar genet ic con t ro l and a 
n a r r o w genet ic base because o f t he i r c o m m o n or ig in . A l t h o u g h many o f t h e m (e.g., 
I C G s 7 8 9 6 , 7897 , 7899 , 10014, 10030, 10052, 10053, 10067, 10933, 10939, 10940, 
and 10943) have l o w disease scores (<3 ) , t hey have poor agronomic characters. T h e y 
have l o w shel l ing o u t t u r n s , t h i c k p o d shells, s t rong p o d re t i cu la t i on , and unacceptab le 
seed coat co lors . Of t he 49 resistance sources used in rust resistance breeed ing 
p rog ram a t I A C , on ly t w o 
lines ( I C G 1697 and I C G 
4747) have led to t he release 
of such i m p r o v e d cu l t ivars as 
I C G ( F D R S 4 ) , I C G ( F D R S 
10), and I C G V 8 6 5 9 0 i n 
Ind ia . These rust - res is tant 
cu l t ivars p roduce high p o d 
y ie lds under high disease 
pressure. H o w e v e r , t he i r 
adop t ion has been l i m i t e d , as 
t he i r pods are poor l y shaped 
and t he i r shel l ing o u t t u r n is 
l o w . Some o ther sources o f 
resistance i den t i f i ed later in 
accessions ( I C G s 10056, 
10567, 10925, 10932, 11108, 12059, 12112, and 12113) t ha t or ig inate f r o m secondary 
centers o f d ivers i ty in Sou th A m e r i c a , i.e., Peru and Bol iv ia and the in terspec i f ic 
hyb r i ds p r o d u c e d f r o m in t rogress ion o f genes (con fe r r i ng resistance t o rus t ) f r o m w i l d 
Arachis species, par t i cu la r l y those invo lv ing A batizocoi and A duranensis [ I C G s 
11301 ( C S 2 ) , 11315 ( C S 19), and 11321 ( C S 2 6 ) ] , have h igh levels o f resistance in 
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Rust (Puccinia arachidis) 
Figure 1. Groundnut rust disease caused 
by Puccinia arachidis. 
diverse bo tan ica l backgrounds , g o o d agronomic po ten t i a l , a n d resistance to o the r b i o t i c 
stresses (Tab le 1). Th i s suggests t h a t t h e f u l l s p e c t r u m o f va r iab i l i t y f r o m secondary 
centers o f d i ve rs i t y i s y e t to be e x p l o r e d . T h e use o f t h e la t te r resistance sources in a 
b reed ing p r o g r a m is l i ke l y to p roduce m o r e acceptable cu l t ivars . 
Resistance sources vary in t h e componen ts o f t h e i r resistance. H o w e v e r , these 
c o m p o n e n t s t h a t i nc l ude i n f e c t i o n f requency , lesion d iamete r , leaf area damage, 
i ncuba t i on p e r i o d , and sporu la t ion i ndex are no t f u l l y c o m p l e m e n t a r y i n m o s t 
genotypes . In on l y a f e w genotypes, e.g., I C G s 10881 and 10890 , do these f i ve 
c o m p o n e n t s re in fo rce one ano ther ( M e h a n e t a l . 1994a) . Such genotypes are very 
use fu l in resistance b reed ing programs. Several o t he r genotypes, i nc lud ing I C G s 10014, 
10032 , 10052 , 10567 , 10928 , 10933 , a n d 10940 shou ld also p rove use fu l resistance 
donors , as t h e y have long i ncuba t i on per iods , l o w to m e d i u m sporu la t ion indexes, a n d 
l o w lea f area damage. T h e y also have l o w rus t scores w h e n screened in t h e f ie ld 
(Tab le 1). 
M o s t o f these resistant accessions w h e n tes ted a t locat ions in Ind ia , C h i n a , T a i w a n , 
T r i n i d a d , and U S A s h o w e d stable resistance t o rus t , w i t h t he excep t i on o f I C G 1697 
( N C A c 17090 ) , t ha t was m o d e r a t e l y resistant i n Ch ina and suscept ib le i n T a i w a n 
( S u b r a h m a n y a m and M c D o n a l d 1987) . T h e reasons f o r th is change in t he rust reac t ion 
o f I C G 1697 a t locat ions o the r t h a n I A C have ye t t o b e exp la ined . Never the less , I C G 
1697 is i m p o r t a n t in resistance b reed ing programs as i t also has resistance to such 
insect pests as t h e g r o u n d n u t leaf m i n e r , Aproaerema modicella (Deventer) ( W i g h t m a n 
a n d Ranga Rao 1994) . 
Resistance to rus t in c u l t i v a t e d g r o u n d n u t i s recessive and appears to be governed by 
on l y a f e w genes. One-gene (Paramasivam et a l . 1990) and two-gene mode ls 
( B r o m f i e l d and Bai ley 1972, T i w a r i e t a l . 1984) have been p roposed , b u t are unable to 
exp la i n t h e segregat ion p a t t e r n f o r rus t resistance in m a n y crosses. In in terspec i f ic 
der iva t ives , rus t resistance is governed by par t ia l ly , d o m i n a n t gene (s) (S ingh et a l . 
1984) . In quan t i t a t i ve genet ic analysis, b o t h add i t i ve and non-add i t i ve gene e f fec ts are 
r e p o r t e d i m p o r t a n t ( T i w a r i e t a l . 1984, Paramasivam e t a l . 1990) . C o m b i n i n g ab i l i t y 
s tud ies have r e p o r t e d I C G s 2716 [ E C 7 6 4 4 6 ( 2 9 2 ) ] , 4 7 4 7 (P I 2 5 9 7 4 7 ) , 7013 [ N C A c 
17133 ( R F ) ] , a n d 7882 (P I 314817) as good comb ine rs f o r rus t resistance ( T i w a r i e t a l . 









Late leaf spot (Phaeoisariopsis personata) 
Late leaf spot ( L L S ) (F ig. 2) can cause up to 5 5 % losses in p o d y i e l d (Sub rahmanyam 
and M c D o n a l d 1987) . Screening over 1 3 0 0 0 accessions a t I A C led to t h e iden t i f i ca t ion 
of 69 genotypes w i t h resistance (disease score ranging be tween 3 and 5 on a 1-9 scale) 
to L L S ( S u b r a h m a n y a m e t a l . 1995, I C R I S A T 1986, M e h a n e t al . 1996) . Fo r t y -n i ne o f 
these resistance sources are landraces, ma in l y f r o m Peru var peruviana. M o s t have l o w 
p o d y ie lds , and l o w shel l ing o u t t u r n . L i ke t he rust resistance sources, mos t o f t h e m 
have r e d , p u r p l e , o r var iegated seeds tha t are no t acceptable colors. Of the 69 L L S -
resistant sources, on ly 19 have been used in resistance breed ing programs at I A C . O n l y 
one o f t h e m ( I C G 4 7 4 7 w i t h a disease score o f 4) has resu l ted in t he release o f such 
resistant cu l t ivars as I C G ( F D R S 4 ) and I C G V 8 6 5 9 0 f r o m I A C , and G i r n a r 1 f r o m 
t h e Ind ian nat iona l p rog ram. Bu t , these cu l t ivars have only l o w levels o f resistance to 
L L S (disease scores 6.0 to 7.5) , p robab ly because of t he emphasis la id on ma in ta in ing 
or increasing p o d y i e l d po ten t i a l rather t han on disease resistance du r i ng t he select ion 
process. T h e o the r c o m m o n l y used resistance source i s I C G 2716 [ E C 76446 ( 2 9 2 ) ] , 
b u t th is has no t ye t resu l ted in the release of any resistant cu l t ivar . Pod and seed 
character is t ics , and y i e l d po ten t i a l l i m i t t he use o f mos t sources o f resistance. 
Never the less , some resistant accessions ( I C G s 10920, 11182, 12720) f r o m Peru and 
Ecuador , and in terspec i f ic der ivat ives (Fig. 3) b r e d af ter incorpora t ing genes tha t 
con fe r resistance f r o m such w i l d Arachis species as A cardenasii ( I C G s 11317, 
11325, 11337, 13917, 13919) , besides being of diverse or ig in , o f fe r h igh levels of 
resistance in d i f f e r e n t 
bo tan ica l backgrounds w i t h 
good agronomic po ten t i a l 
(Tab le 2 ) . T h e use o f such 
sources shou ld he lp to 
deve lop l ines w i t h h igh 
levels o f resistance in good 
agronomic backgrounds , 
and to ove rcome the 
l im i t a t i ons o f sources 
i d e n t i f i e d in t he ear ly 
stages of screening. 
Resistance to rust and 
L L S is r e p o r t e d to be 
co r re la ted (r = 0 .48 - 0 .60) 
(Ande rson e t a l . 1990) . T h e 
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Figure 2. Groundnut late leaf spot disease caused 
by Phaeoisariopsis personata. 
Figure 3. An interspecific derivative, ICG 11325 showing resistance to rust and late leaf 
spot compared to a susceptible cultivar. 
i n te rspecf ic der i va t i ve , I C G 13917 [ 2 5 9 - 2 ( r e d ) ] , t ha t has shown a high level o f stable 
L L S resistance across several locat ions in southeast Asia and A f r i ca , and also has 
resistance to ELS and rust shou ld be par t i cu la r ly usefu l in breed ing for m u l t i p l e 
resistance. 
T h e r e is an add i t i ona l i m p o r t a n t set of 42 LLS-res is tance sources tha t are also 
resistant to rus t . T h e i r use (par t i cu la r l y those w i t h good agronomic t ra i ts ) in breed ing 
programs shou ld p rove advantageous. 
Resistance to L L S is pa r t i a l (no t c o m p l e t e , as several componen ts in f luence the 
resistance) and is s imi la r to the 's low rus t ing ' t y p e o f resistance. Gene t i c var iab i l i t y fo r 
t h e var ious c o m p o n e n t s o f L L S resistance exists i n resistance sources. T h e e x t e n t o f 
spo ru la t i on , lesion size, and la ten t p e r i o d are h igh ly cor re la ted w i t h each o ther , and 
w i t h t he percentage of necro t i c area in i n fec ted leaves. Sporu la t i on , lesion size, lesion 
n u m b e r , and la ten t p e r i o d are i m p o r t a n t componen ts tha t c o n t r i b u t e t o l o w f ie ld 
scores f o r L L S ( C h i t e k a e t al . 1988, A n d e r s o n e t al . 1990) . I C G s 2716 and 4 7 4 7 have 
f e w e r lesions, longer i ncuba t i on per iods, and l ower sporu la t ion rates than suscept ib le 
cu l t ivars in Ind ia ( N e v i l l 1981). 
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M o s t o f these sources o f L L S resistance, w h e n tes ted a t locat ions w i t h i n Ind ia and 
w o r l d w i d e , w e r e general ly stable w i t h some occasional m i n o r changes in t he i r re la t ive 
disease scores. Such var ia t ion in disease scores p robab ly ref lects d i f fe rences in t he t i m e 
o f onset o f disease, i n o c u l u m pressure, env i r onmen ta l cond i t i ons , and t he stage o f 
disease scor ing ra the r t h a n d i f fe rences in t h e L L S pa thogen o r genotypes. 
B o t h s imp le ( T i w a r i e t a l . 1984) and c o m p l e x ( N e v i l l 1982) inher i tance o f resistance 
to L L S are r e p o r t e d i n t h e l i t e ra tu re . W h i l e T i w a r i e t a l . (1984) r e p o r t e d a two -gene 
c o n t r o l o f resistance, N e v i l l (1982) p roposed a f i ve - loc i genet ic m o d e l to exp la in t h e 
inhe r i t ance o f resistance w i t h t h e c o m p l e t e l y recessive alleles d e t e r m i n i n g resistance. 
T h e t r i p l o i d hyb r i ds o f crosses b e t w e e n resistant w i l d species and suscept ib le cu l t ivars 
w e r e suscept ib le , i nd i ca t ing t ha t resistance was recessive (Shar ie f e t a l . 1978) . N a r r o w -
sense he r i t ab i l i t y est imates in crosses invo lv ing I C G 2716 [ E C 7 6 4 4 6 ( 2 9 2 ) ] ranged 
f r o m 0.18 to 0 .74 (Ande rson e t a l . 1991). C o m b i n i n g ab i l i t y analysis fo r c o m p o n e n t s o f 
resistance t o L L S i nd i ca ted t h e p r e d o m i n a n t ro le o f add i t i ve gene ef fects f o r m o s t o f 
t h e c o m p o n e n t s (Kornegay e t a l . 1980, A n d e r s o n e t a l . 1986) . G P - N C 3 4 3 , FESR 
5 - P 2 - B 1 , N C A c 17090 , N C 5 , N C A c 3139, F lo r ig ian t , and N C 2 w e r e r e p o r t e d t o b e 
good comb ine rs f o r L L S resistance i n U S A , b u t t h e y have e i the r no t expressed L L S 
resistance a t I A C , o r are no t avai lable i n t h e w o r l d co l l ec t i on a t I A C . G P - N C 3 4 3 , N C 
5 , and FESR 5-P2-B1 w e r e also f o u n d to be good comb ine rs fo r ELS resistance in these 





Early leaf spot (Cercospora arachidicola) 
Early leaf spot (ELS) (F ig . 4) is t h e m o s t serious of t he t h ree fo l iar diseases in several 
coun t r ies o f sou the rn A f r i c a , and in t he U S A . Y i e l d losses due to ELS can exceed 50%. 
Present ly k n o w n sources o f resistance to ELS iden t i f i ed in co l labora t ion w i t h scient ists 
o f I C R I S A T Asia Region w o r k i n g a t I A C are l is ted in Tab le 3 . F ie ld screening fo r 
resistance to ELS is in progress a t t h e S A D C / I C R I S A T G r o u n d n u t Pro ject , a t 
C h i t e d z e A g r i c u l t u r a l Research S ta t ion , L i l ongwe , M a l a w i , whe re the natura l disease 
pressure is very h igh . Screening m o r e than 7000 accessions has so far resu l ted in t he 
i den t i f i ca t i on o f f o u r sources w i t h modera te levels o f resistance to ELS (disease scores 
less t han 6 on a 1 -9 scale). S im i la r l y , screening a large n u m b e r of accessions at Bengou, 
N ige r , over t h r e e ra iny seasons, resu l ted in t he iden t i f i ca t ion of a f u r t h e r 18 accessions 
resistant to ELS (disease scores 3 . 3 - 5 . 0 ) (Wa l i ya r e t a l . 1993a). L i m i t e d screening in 
some As ian count r ies [Nepa l and Ind ia ( I C R I S A T Asia C e n t e r and Pantnagar) ] by 
I C R I S A T scient ists in co l labora t ion w i t h N A R S , has also led to t he iden t i f i ca t ion o f a 
f e w add i t i ona l sources o f resistance (Wa l i ya r e t al . 1990) . L i ke rust and L L S resistance 
sources, m o s t o f t he ELS resistance sources or ig ina ted f r o m secondary centers o f 
d i ve rs i t y in Sou th A m e r i c a . Bu t , t hey have a broader genet ic base as several sources of 
resistance be long to var hypogaea, var fastigiata, and var peruviana. H o w e v e r , none of 
t h e sources of resistance is of t he Spanish t ype (var vulgaris). 
M o s t of these sources show d i f f e ren t i a l disease react ions at d i f f e ren t locat ions, 
i nd i ca t i ng t h e possible ex is tence o f var ia t ion in the ELS pathogen. Sources o f ELS 
resistance r e p o r t e d f r o m the U S A , we re f o u n d suscept ib le w h e n tes ted a t I A C i n Ind ia 
and C h i t e d z e in M a l a w i ( N i g a m and Bock 1985) . Env i ronmen ta l factors, par t i cu la r l y 
t e m p e r a t u r e , also a f fec t t he 
s tab i l i t y o f t he c o m p o n e n t s 
o f resistance t o E L S . 
H o w e v e r , several genotypes 
[91 P A 150, N C A c 17894 
( I C G 6 9 0 2 ) , P I 274194 
( I C G 11476) , N C A c 18045 
( I C G 8 2 9 8 ) , and 9 1 P A 
131], have expressed stable 
resistance across several 
t e m p e r a t u r e regimes 
(Wa l i ya r e t al . 1994) . 
Resistance sources I C G s 
6 2 8 4 , 6 9 0 2 , 7 8 7 8 , 10000 , 
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Figure 4. Groundnut early leaf spot caused by 
Cercospora arachidicola. 
10948 , and 13917 show some level o f resistance a t m o r e t h a n one loca t ion (Tab le 3 ) . 
T h e y are t hus m o r e use fu l in ELS resistance b reed ing programs. Never the less , i t i s 
i m p o r t a n t t h a t ELS resistance sources are f i rs t screened to ve r i f y t he i r resistance 
be fo re t h e y are used in resistance b reed ing a t any loca t ion . 
In m u l t i p l e fo l i a r disease resistance b reed ing , such sources as I C G 1703, 4 9 9 5 , 
10920 , a n d 13917 can play an i m p o r t a n t ro le , since t hey have resistance to m o r e t h a n 
one fo l ia r disease. I C G 13917, an in terspec i f ic der iva t ive is par t i cu la r l y usefu l as i t has 
stable ELS resistance in M a l a w i , and at t h ree locat ions in As ia , and also has resistance 
t o L L S and rus t . 
M o s t o f t h e ELS resistance sources show signi f icant d i f fe rences among t h e 
c o m p o n e n t s o f t h e i r resistance. ELS resistance sources, I C G s 1703, 6 2 8 4 , 6 9 0 2 , 
7 8 7 8 , 8 2 9 8 , 9 9 8 9 , 10900 , and 10920 , have longer i ncuba t ion per iods, r educed 
spo ru la t i on , smal le r les ion d iame te r , and l o w e r i n f ec t i on f requencies t han suscept ib le 
accessions (Wa l i ya r et a l . 1993b ) . Lesion size and sporu la t ion rat ings are mode ra te l y 
co r re l a t ed f o r b o t h leaf spots, i nd i ca t ing a genet ic , and /o r physio logical re la t ionsh ip 
w i t h i n t h e host t h a t involves lesion d e v e l o p m e n t (Anderson e t al . 1990) . 
M o s t o f t h e inhe r i t ance studies re la ted t o ELS resistance have been r e p o r t e d f r o m 
U S A . Resistance to ELS i s quan t i t a t i ve and c o n t r o l l e d p r e d o m i n a n t l y by add i t i ve gene 
e f fec ts (Kornegay e t a l . 1980, A n d e r s o n e t a l . 1986) . Nar row-sense he r i t ab i l i t y 




Aspergillus f lavus i n f ec t i on and t he consequent a f la tox in con tam ina t i on o f g r o u n d n u t 
p resent a serious qua l i t y p r o b l e m w o r l d w i d e (Fig. 5 ) . F ie ld i n fec t i on by the 
a f la tox igenic fungus can lead to serious postharvest a f la tox in con tam ina t i on . Aspergillus 
f lavus i n f e c t i o n ma in l y occurs be fore t h e c rop is harvested in t h e semi -a r id t rop ics , 
pa r t i cu la r l y u n d e r late-season d r o u g h t stress cond i t i ons . In w e t and h u m i d areas 
i n f e c t i o n p r e d o m i n a n t l y occurs postharvest . A r o u n d 2 0 0 0 g roundnu t accessions have 
been screened f o r t h e i r resistance to A. f lavus seed i n fec t i on in a sick p l o t unde r 
i m p o s e d d r o u g h t stress cond i t i ons a t I A C . T w e n t y - o n e genotypes have been i den t i f i ed 
as resistant (< = 2% seed i n fec t i on ) (Table 4 ) . Signi f icant genotype x e n v i r o n m e n t 
in te rac t ions fo r seed i n fec t i on are r e p o r t e d . H o w e v e r , some accessions ( I C G s 1326, 
3 2 6 3 , 3 3 3 6 , 3 7 0 0 , 4 7 4 9 , and 7633) have shown consistent resistance react ions to seed 
i n f e c t i o n in Ind ia and Senegal ( M e h a n et a l . 1991). M o s t o f these l ines have also been 
eva lua ted fo r resistance to seed co lon iza t ion by A. f lavus unde r ar t i f ic ia l i nocu la t ion 
cond i t i ons in t h e labora to ry . T h e ab i l i t y to resist seed co lon iza t ion has signif icance 
Figure 5. Aspergi l lus flavus seed infection in ICG 2716, a source of resistance to rust and 
late leaf spot. 
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Aflatoxin contamination (Aspergillus flavus) 
d u r i n g postharves t f ie ld d r y i n g and storage. Several accessions ( I C G s 1326, 3 2 6 3 , 
3 7 0 0 , 4 7 4 9 , 4 8 8 8 , 7 6 3 3 , and 9 4 0 7 ) possess resistance to b o t h seed i n f e c t i o n and seed 
co lon i za t i on , and are o f special s ignif icance in b reed ing programs t h a t c o m b i n e p re -
a n d postharves t resistance to t he af la tox igenic fungus. 
O v e r 8 0 % of t h e A f lavus resistance sources be long to A hypogaea ssp fastigiata var 
vulgaris, b u t t h e y are o f d iverse or ig ins. Several o f these sources, i nc lud ing I C G s 1326, 
1994, 1323, and 8 6 6 6 are h igh-y ie ld ing released cu l t ivars w i t h super ior seed and p o d 
character is t ics ; these shou ld be p r e f e r r e d in b reed ing programs tha t target h igh y i e l d 
and resistance (Figs. 6 and 7 ) . Such genotypes c o u l d also be cons idered f o r d i rec t 
i n t r o d u c t i o n to areas w h e r e t h e a f la tox in p r o b l e m is serious. 
T h e accessions, I C G s 8666, 10020, and 10933 tha t are resistant to A flavus seed 
i n f e c t i o n are also resistant to o the r diseases. T h e la t te r t w o are resistant to rust , w h i l e 
I C G 8 6 6 6 i s also res is tant to bacter ia l w i l t . These th ree l ines shou ld be used in 
m u l t i p l e resistance b reed ing programs. I C G s 1326, 4 7 4 9 , and 7633 have been 
c o m m o n l y used as resistance donors in Ind ia , Senegal, and Tha i l and . 
Several s t r uc tu ra l and b iochemica l componen ts o f resistance to seed co lon iza t ion 
have been i d e n t i f i e d . M o s t resistance sources have compac t pal isade ce l lu lar 
a r rangements , smal l h i la , ex tens ive surface wax , depos i t i on o f tann in - l i ke c o m p o u n d s , 
a n d l o w con ten ts o f such a m i n o acids as g lyc ine, o rg in ine , aspergin, and aspert ic ac id . 
G e n o t y p e s vary i n t h e i r ab i l i t y t o suppo r t a f la tox in p r o d u c t i o n . U 4 -7 -5 and V R R 
2 4 5 s u p p o r t on l y l o w levels o f a f la tox in p r o d u c t i o n , b u t are suscept ib le to seed 
co lon i za t i on by A flavus. 
T h e r e is ve ry l i m i t e d i n f o r m a t i o n available on t he genet ics of resistance to A flavus 
seed i n f e c t i o n , seed co lon iza t ion , and a f la tox in p r o d u c t i o n . O n l y one s tudy ( U t o m o e t 
a l . 1990) has h i gh l i gh ted t h e lack o f co r re la t i on b e t w e e n t he t h ree types o f resistance 
and t h e p r o b a b i l i t y t h a t t h e y are governed by d i f f e r e n t genes. Th i s prov ides an 
o p p o r t u n i t y to c o m b i n e these t h r e e resistances to give genotypes re i n fo r ced de fence 
against t h i s pa thogen . T h e broad-sense he r i t ab i l i t y r e p o r t e d fo r these th ree resistances 
varies f r o m l o w t o h i gh ( U p a d h y a y a e t a l . 1997, U t o m o 1990) . P re l im ina ry studies o n 
c o m b i n i n g ab i l i t y ind ica te t h a t I C G s 3 7 0 0 , 4 7 4 9 , and 7633 are good comb ine rs f o r 
resistance to seed co lon iza t ion . S ign i f icant mate rna l e f fects are also no t i ced in some 
crosses f o r seed-coat resistance, perhaps because the re is s igni f icant ma te rna l in f luence 
on testa s t r u c t u r e . 
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Figure 6. Cultivar J 11 showing resistance to seed infection by Aspergillus flavus in comparison to 
susceptible cultivar JL.. 24. 
Figure 7. Lines resistant to seed colonization by Aspergillus flavus: J 11 (left), and ICG 4749 
(center), compared to a highly susceptible line (right). 
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Stem and pod rots (Sclerotium rolfsii) 
Stem and p o d rots are ma jo r const ra in ts to p r o d u c t i o n in several count r ies of Asia, 
A f r i c a , and t he Amer i cas (Figs. 8 and 9 ) . Y i e l d losses of over 2 5 % have been repo r ted 
f r o m Ind ia (Mayee and Da ta r 1988) . O n l y l i m i t e d resistance screening o f germp lasm 
has been a t t e m p t e d . T h e r e are very f ew repor ts of clear var ieta l d i f ferences in 
resistance and no geno type is k n o w n to be i m m u n e or h ighly resistant to S. rolfsii. 
M o s t of the genotypes i den t i f i ed as resistant on ly show f ie ld resistance ( S m i t h et al. 
1989, G r i c h a r and S m i t h 1992, Branch and Brenneman 1993, M e h a n e t al. 1995) . 
Figure 8. Groundnut plant showing advanced symptoms of stem rot caused by 
Sclerotium rolfsii. 
M o s t of the l i m i t e d screening has been done in U S A using disease 'ho t spots' , or by 
add ing i n o c u l u m to t he soil under high disease pressure cond i t ions in the f ie ld . Based on 
t he percentage of disease inc idence resistant genotypes have been iden t i f i ed (Table 5 ) . 
A m o n g s tem and p o d ro t resistant l ines, 8 0 - 9 5 % survive in fec t ion compared to 
a < 4 0 % survival rate in suscept ib le l ines. Some interspeci f ic h y b r i d der ivat ives 
(A. hypogaea x A. cardenasii) have also shown cons is tent ly l ower percentages of 
disease inc idence in mu l t i l oca t i ona l t r ia ls in Ind ia (Table 5 ) . Ce r ta in genotypes 
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Figure 9. Groundnut pods showing symptoms of pod rot caused by Sclerotium rolfsii. 
(e.g., I C G 12083) have shown resistance in the f ie ld , b u t are less resistant in 
greenhouse tests. 
T h e resistance sources i den t i f i ed i n U S A — a released cu l t i var ( N C 2) , and breed ing 
l ines [ N C A c 18016 ( I C G 12083) and N C A c 18416 ( I C G 1 2 0 8 7 ) ] — h a v e 
super io r ag ronomic features, bu t are suscept ib le to o ther fungal diseases. T h e 
resistance sources i d e n t i f i e d f r o m interspeci f ic der ivat ives have resistance to fo l iar 
diseases, b u t have poor p o d y ie lds, l o w shel l ing o u t t u r n , and l o w seed masses. 
Resistance to s tem and p o d rots has been a t t r i b u t e d ma in ly to the presence in 
resistant genotypes of a t h i c k imperv ious cu t i c le , t h i c k - w a l l e d cor t ica l cel ls, and cork 
c a m b i u m ac t i v i t y . D i f f e rences in suscept ib i l i t y to s tem ro t have also been re la ted to 
g r o w t h hab i t ; s e m i - d e c u m b e n t o r bunch types being m o r e suscept ib le than runners 
( G r i c h a r and S m i t h 1992) . A f e w Spanish types have also been repo r ted resistant. 
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Bacterial wilt (Pseudomonas solanacearum) 
Bacter ia l w i l t ( B W ) is a ma jo r cons t ra in t to g roundnu t p r o d u c t i o n in southeastern and 
eastern Asia (F ig . 10). Extens ive screening of ge rmp lasm, largely based on f ie ld 
eva luat ion at ho t spots in Indonesia and Ch ina by nat ional programs has resu l ted in t he 
i den t i f i ca t i on o f m a n y BW- res i s tan t ge rmp lasm l ines. L ines are cons idered resistant 
w h e n 8 0 - 9 5 % o f t h e plants do not show w i l t s y m p t o m s (Na ix iong e t al . 1993, Y e h 
1990, M e h a n et a l . 1994b) . Of these resistance sources, 24 are available in t he gene 
bank at I A C . M o s t sources are var iet ies of subspecies fastigiata. T h e use of several of 
these BW-res is tance sources in b reed ing programs has resu l ted in the release of many 
BW-res is tan t cu l t ivars in Indonesia and Ch ina ( M e h a n et al . 1994b) . 
M o s t o f t he w i l t resistance sources are o f Ch inese or Indonesian o r ig in , p robab ly 
because t he m a i n se lect ion fo r genc(s) con fe r r ing resistance occur red in th is region, 
w h e r e t he disease pressure is greatest (Fig. 11). H o w e v e r , there are l ines of Peruvian 
or ig in ( I C G s 1703, 7893 , and 7894) ind ica t ing t he presence o f gene(s) con fe r r ing 
resistance to bacter ia l w i l t in the in i t ia l mate r ia l tha t evo lved in t he secondary centers 
o f d i ve rs i t y . Some of these l ines ( I C G s 1703, 1705, 7893 , and 7894) are o f special 
s igni f icance as t h e y also have resistance to rust and /o r L L S (Table 6 ) . These l ines c o u l d 
be used in b reed ing programs to deve lop h igh-y ie ld ing variet ies w i t h m u l t i p l e disease 
resistance. Recent screening has resu l ted in the iden t i f i ca t ion of w i l t resistance in an 
in terspec i f ic der i va t i ve ( I C G 11325) t ha t has h igh levels o f resistance to bo th LLS and 
rust ; such sources are i m p o r t a n t in broaden ing the genet ic base. 
Figure 10. Groundnut plants infected by bacterial wilt caused by Pseudomonas 
solanacearum. 
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Isolates of P. solanacearum have been classif ied in to f ive races, biovars, and strains. 
Race 1 af fects g r o u n d n u t ; w i t h i n th is race, b iovar 1 is associated w i t h g r o u n d n u t in 
A m e r i c a , w h i l e biovars 3 and 4 a f fec t g r o u n d n u t crops in southeast and east As ia . 
T h e disease reac t ion of some accessions has been f o u n d to vary at d i f f e ren t 
locat ions. For examp le , I C G s 5 2 7 2 , 5273 , and 5276 were resistant i n Indonesia, b u t 
w e r e on ly mode ra te l y resistant in some areas of Ch ina (Yeh 1990) . Such var ia t ion in 
BW reac t ion may be due to i n o c u l u m pressure, pathogen v i ru lence, env i ronmen ta l 
fac tors , and host x pathogen x env i ronmen ta l in teract ions. In mos t cases, disease 
rat ings in the f i e ld are no t co r re la ted to those f r o m greenhouse tests. H o w e v e r , I C G s 
1609, 5313, 7343 , 7968 , and 8 6 6 6 are r e p o r t e d to be resistant b o t h in f ie ld and 
greenhouse tests (Yeh 1990) . 
V e r y l i t t l e i s k n o w n about the componen ts o f resistance to B W . Resistant types have 
shor te r la ten t per iods, less vascular b r o w n i n g , and l ower w i l t i n g rates than suscept ib le 
genotypes. I n f o r m a t i o n on t he genet ics o f BW resistance is no t conclus ive. L iao e t al . 
(1986) r e p o r t e d BW resistance to be par t ia l ly d o m i n a n t , invo lv ing th ree pairs o f ma jor 
genes and some m i n o r genes, w h i l e W a n g et al . (1985) r epo r t ed tha t t he genes 
con fe r r i ng resistance are recessive in nature. In Indonesia, Schwarz 21 or its der ivat ives 
(Ga jah and K idang) have been extens ive ly used as resistance donors, w h i l e in Ch ina , 
t w o BW-res is tan t accessions w i t h good general comb in ing ab i l i ty , X iekangging ( I C G 
15230) and Taishan Zhengzhu have been used as resistance donors (L iao et al . 1990) . 
Figure 11. Bacterial wilt resistance sources compared to a susceptible cultivar in a field 




Signi f icant va r iab i l i t y f o r rus t , L L S , and ELS resistance exists among t h e sources 
i d e n t i f i e d i n c u l t i v a t e d g r o u n d n u t . M o s t o f t he sources i den t i f i ed i n t h e ear l ier stages 
o f screening have undes i rab le p o d and seed character is t ics. H o w e v e r , la ter screening o f 
t h e ge rm p lasm or ig ina t ing f r o m secondary centers o f d ivers i ty resu l ted i n t h e 
i den t i f i ca t i on o f some resistant sources in good agronomic backgrounds. Th i s 
emphasizes t h e need fo r eva luat ion o f add i t i ona l ge rmp lasm f r o m such areas, 
pa r t i cu la r l y f o r L L S and ELS resistance. Fu r the r , m o r e emphasis shou ld be p laced on 
t h e use of such accessions as I C G s 10056, 10567, 10920, 10925, 10932, 11094, 11182, 
12059 , and 12720 t h a t have scores of 2 to 4 on a 1 -9 scale fo r resistance to L L S or 
rus t . T h e y also have super io r agronomic backgrounds and thus ove rcome the 
l i m i t a t i o n s o f p rev ious ly used sources. For c o m b i n e d resistance t o L L S and rust , I C G s 
6 3 3 0 , 7 8 8 4 , 10023 , 10035, and 11182 t ha t possess resistance to b o t h diseases, toge ther 
w i t h good ag ronomic p o t e n t i a l and are o f d iverse or ig ins shou ld be used. 
In te rspec i f i c der iva t ives t ha t have reco rded a score of 2 to 4 on a 1 -9 scale fo r 
resistance to b o t h L L S and rust ( I C G s 11312, 11317, 11321, 11325, 11337, 13916, 
13917, 13919, 13920 , and 13922) and in some cases to ELS as w e l l ( I C G 13917) in 
good agronomic backgrounds are r i ch sources o f resistance to these fo l ia r pathogens. 
T h e resistance o f m o s t o f these sources has rema ined stable across locat ions. T h e 
presence o f re la t ive ly h igh levels o f resistance in these sources, par t i cu la r l y in t he 
in terspec i f i c der iva t ives, suggests t ha t t he i r use in b reed ing programs w o u l d reduce t h e 
' d i l u t i o n e f f ec t ' on resistance in popu la t ions se lected fo r h igh p o d y ie lds and 
agronomic qua l i t y . T h e s tab i l i t y o f ELS resistance across locat ions is var iable. 
Never the less , I C G s 6 2 8 4 , 6 9 0 2 , 7878 , 10000 , 10948, and 13917 shou ld be use fu l 
because t h e i r resistance has been p roved stable at m o r e t han one loca t ion . 
T h e va r iab i l i t y in resistance to A . flavus seed co lon iza t ion and i n fec t i on , and to s t e m 
a n d p o d ro t i s l i m i t e d , and no single geno type is i m m u n e or h igh ly resistant to al l these 
cons t ra in ts . T h e avai lable sources can be used to i m p r o v e levels o f resistance in good 
agronomic backgrounds , and genet ic resistance c o u l d be par t o f an in tegra ted disease 
managemen t s t ra tegy. T h e r e i s m u c h scope f o r t he exp lo i t a t i on o f such w i l t - res is tan t 
sources as I C G s 1703 , 7 8 9 3 , and 7 8 9 4 in southeast and east As ia , since t hey also 
possess resistance t o rus t a n d / o r L L S , w h i c h occur toge ther w i t h B W i n t h e reg ion. 
F r o m t h e avai lable i n f o r m a t i o n , i t i s ev iden t t ha t a l though m o s t o f t h e fo l ia r disease 
resistance sources are suscept ib le to A. flavus invasion, i t w o u l d be p r u d e n t to select 
those sources t h a t are least suscept ib le in fo l ia r disease resistance b reed ing programs. 
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Descr ipt ion 
No disease 
Pustules sparsely disturbed, largely on lower leaves 
Many pustules on lower leaves; necrosis evident; very few pustules on middle leaves 
Numerous pustules on lower and middle leaves; severe necrosis on lower leaves 
Severe necrosis of lower and middle leaves; pustules may be present on top leaves, 
but less severe 
Extensive damage to lower leaves; middle leaves necrotic, w i t h dense distr ibut ion of 
pustules; pustules on top leaves 
Severe damage to lower and middle leaves; pustules densely distr ibuted on top leaves 
100% damage to lower and middle leaves; pustules on top leaves, which are severely 
necrotic 





6 - 1 0 
2 1 - 3 0 
2 1 - 3 0 
3 1 - 4 0 
4 1 - 6 0 
6 1 - 8 0 
8 1 - 1 0 0 













Descr ipt ion 
No disease 
Lesions present largely on lower leaves; no defol iat ion 
Lesions present largely on lower leaves, very few on middle leaves; 
defol iat ion of some leaflets evident on lower leaves 
Lesions on lower and middle leaves but severe on lower leaves; 
defol iat ion of some leaflets evident on lower leaves 
Lesions present on all lower and middle leaves; over 50% defoliation of lower leaves 
Severe lesions on lower and middle leaves; lesions present but less 
severe on top leaves; extensive defol iat ion of lower leaves; 
defol iat ion of some leaflet evident on middle leaves 
Lesions on all leaves but less severe on top leaves; defol iat ion of all 
lower and some middle leaves 
Defol ia t ion of all lower and middle leaves; severe lesions on top leaves; 
some defol iat ion of top leaves evident 
A lmost all leaves defol iated, leaving bare stems; some leaflets may remain, 






6 - 1 0 
1 1 - 2 0 
2 1 - 3 0 
3 1 - 4 0 
4 1 - 6 0 
6 1 - 8 0 
8 1 - 1 0 0 
1. Leaf area damaged (%). 
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c o l l e c t i o n s m a i n t a i n e d b y I C R I S A T u n d e r t h e ausp ices o f t h e F A O , a s 
p a r t o f t h e I n t e r n a t i o n a l N e t w o r k o f e x situ c o l l e c t i o n s p r o v i d e d f o r i n 
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t h e f a i r a n d e q u i t a b l e s h a r i n g o f t h e b e n e f i t s d e r i v e d f r o m t h e 
c o m m e r c i a l o r o t h e r u t i l i z a t i o n o f t h e g e r m p l a s m . 
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Agreement on ICRISAT Germplasm Exchange 
ICRISAT 
Standard Germplasm Order Form 
I /we order the fol lowing material: 
Insofar as this material is "designated germplasm" under the 26 Oct 1994 Agreement 
between ICRISAT and the Food and Agriculture Organization of the Uni ted Nations (FAO) 
placing collections of plant germplasm under the auspices of FAO 1 , 
I /we agree 
• not to claim ownership over the material received, nor to seek intellectual property rights 
over that germplasm or related information. 
• to ensure that any subsequent person or inst i tut ion to whom I /we make samples of the 
germplasm available, is bound by the same provision. 
Place and date 
Name of person or inst i tut ion requesting the germplasm 
Address 
Shipping address ( i f d i f ferent f rom the above) 
Author ized signature 
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1. "Designated germplasm" will be indicated by an asterisk (*) on the Shipment Notice. 
About ICRISAT 
The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most of 
India, parts of southeast Asia, a swathe across sub-Saharan Afr ica, much of southern and eastern 
Afr ica, and parts of Lat in America. Many of these countries are among the poorest in the wor ld . 
Approx imate ly one-sixth of the world 's populat ion lives in the SAT, wh ich is typi f ied by un-
predictable weather, l im i ted and erratic rainfall, and nutr ient-poor soils. 
ICRISAT's mandate crops are sorghum, pearl mi l let , f inger mi l let , chickpea, pigeonpea, and 
groundnut; these six crops are vital to l i fe for the ever-increasing populations of the semi-arid 
tropics. ICRISAT's mission is to conduct research which can lead to enhanced sustainable 
product ion of these crops and to improved management of the l im i ted natural resources of the 
SAT. ICR ISAT communicates informat ion on technologies as they are developed through work-
shops, networks, training, l ibrary services, and publishing. 
ICRISAT was established in 1972. It is one of 16 nonprofit , research and training centers funded 
through the Consultative Group on International Agricultural Research ( C G I A R ) . The C G I A R 
is an informal association of approximately 50 public and private sector donors; it is co-sponsored 
by the Food and Agricul ture Organization of the Un i ted Nations (FAO) , the Un i ted Nations 
Development Programme ( U N D P ) , the Un i ted Nations Environment Programme (UNEP) , and 
the W o r l d Bank. 

